It is clear from work done in several laboratories that cells transformed by tumor viruses and carcinogens or treated lightly with proteases are agglutinated by much smaller amounts of the plant lectins than is required to agglutinate normal (untreated) cells (9, 13, 15, 16, 26) . Most of the recent experimentation has been done with four of the lectins: (i) concanavalin A (Con A), which binds to a-D-glucose and a-D-mannoselike sites (2); (ii) wheat germ agglutinin, which binds to N-acetyl-D-glucosamine-like sites (9); (iii) soy bean agglutinin, which binds to N-acetyl-D-galactosamine and a-D-galactose-like sites (26); (iv) Ricinus communis agglutinin (RCA), which binds to a-D-galactose and L-rham-noselike sites (19). The mechanism for this change in agglutination appears to be a rearrangement or clustering of binding sites, since transformed cells bind the same amount of radioactivelylabeled Con A (4, 10, 21) and wheat germ agglutinin (21) Lowry et al. (17). Bovine serum albumin was then added to a final concentration of 1 mg/ml to stabilize the virus. To 0.8 ml of the virus suspension (2,500 counts/min) was added 0.2 ml of various concentrations of Con A and RCA in PBS; after 2 h at room temperature, the reaction mixtures were centrifuged at 1,000 X g for 15 min at 4 C, and half of the supernatant fluid was assayed for radioactivity. The precipitates were washed once and then dissociated by a 0.5-ml wash of 0.1 M a-methyl-D-mannoside or 0.2 M a-D-galactose, respectively. After centrifugation to remove any remaining aggregates, the solubilized precipitates were assayed for radioactivity. 
It is clear from work done in several laboratories that cells transformed by tumor viruses and carcinogens or treated lightly with proteases are agglutinated by much smaller amounts of the plant lectins than is required to agglutinate normal (untreated) cells (9, 13, 15, 16, 26) . Most of the recent experimentation has been done with four of the lectins: (i) concanavalin A (Con A), which binds to a-D-glucose and a-D-mannoselike sites (2); (ii) wheat germ agglutinin, which binds to N-acetyl-D-glucosamine-like sites (9) ; (iii) soy bean agglutinin, which binds to N-acetyl-D-galactosamine and a-D-galactose-like sites (26) ; (iv) Ricinus communis agglutinin (RCA), which binds to a-D-galactose and L-rham-noselike sites (19) . The mechanism for this change in agglutination appears to be a rearrangement or clustering of binding sites, since transformed cells bind the same amount of radioactivelylabeled Con A (4, 10, 21) and wheat germ agglutinin (21) as normal cells, indicating that increased agglutination is not due to an increase in the total number of binding sites. Moreover, electron microscope studies with ferritin-conjugated Con A show a clustering of the conjugate on the surface of transformed cells, as opposed to the uniform distribution of Con A sites on normal cell surfaces (18) .
Similar changes in agglutination have also been observed in cells infected by enveloped viruses (5, 23) . We have been studying the agglutination of the Sindbis virion, a group A arbovirus, and of cells infected with Sindbis virus.
MATERIALS AND METHODS
Lectins. Con A was purchased from MilesYeda, 3X crystallized, or purified by the method of Agrawal and Goldstein (2) . RtCA was a gift of
Agglutination of Sindbis virus. Purified Sindbis virus, grown in chicken embryo fibroblasts and labeled with 14C-methionine (28, 29) was dialyzed extensively at 4 C against phosphatebuffered saline, pH 7.4 (PBS of Dulbecco and Vogt [12] but lacking Ca and Mg). After dialysis the protein concentration was 60 jsg/ml, as determined by the method of Lowry et al. (17) . Bovine serum albumin was then added to a final concentration of 1 mg/ml to stabilize the virus. To 0.8 ml of the virus suspension (2,500 counts/min) was added 0.2 ml of various concentrations of Con A and RCA in PBS; after 2 h at room temperature, the reaction mixtures were centrifuged at 1,000 X g for 15 min at 4 C, and half of the supernatant fluid was assayed for radioactivity. The precipitates were washed once and then dissociated by a 0.5-ml wash of 0.1 M a-methyl-D-mannoside or 0.2 M a-D-galactose, respectively. After centrifugation to remove any remaining aggregates, the solubilized precipitates were assayed for radioactivity.
Agglutination of cells. The agglutination procedure used followed closely that of Sela et al. (26) Binding of labeled Con A to cells. Monolayers of chick cells (in 60-mm petri plates), either infected or uninfected, were washed three times with PBS and then various amounts of 3H-Con A in 1 ml of PBS were added. Control plates were treated with 'H-Con A in the presence of 0.1 M a-methyl-D-mannoside. After incubating for 45 min at room temperature, the monolayers were washed three times with PBS and then dissolved in 2 ml of 1% sodium dodecyl sulfate (SDS); 0.2 ml of each dissolved monolayer was assayed for radioactivity. There was an average of 3.5 X 106 cells per monolayer, determined by trypsinizing several mock-infected and infected monolayers and counting them in a hemocytometer.
Pronase digestion and affinity chromatography. Sindbis virus, labeled with radioactive glucosamine or fucose, was prepared as previously described (28, 29) . Under the conditions used, greater than 97% of these labels migrated with the membrane glycoproteins of the virus on SDSpolyacrylamide gels, and greater than 90% remains in the original chemical form (28) . Polysaccharide chains from the glycoproteins were prepared by Pronase digestion of the virus (8) (>95% of the label rendered acid-soluble) followed by dialysis against PBS. The polysaccharides were then tested for adsorption on a Con A-Sepharose 4B affinity column, prepared by the method of Cuatrecasas and Anfinsen (11 (8) . From the previous results, it appears that all three chains are bound by Con A. As a confirmation of this, the various polysaccharide chains were separated by Biogel P-6 chromatography before and after adsorption to Con A-Sepharose columns (Fig. 1) . In each panel of Fig. 1 , the "4C-glucosaminelabeled polysaccharide chains (open points) have not seen Con A and are used as a reference. As is shown in panels (a) and (b), polysaccharide chains labeled with 'H-glucosamine migrate identically with the marker regardless of whether the label is present in a total digest (Fig. la) or if the label is present in chains specifically bound to Con A (Fig. lb) . Similarly, no difference in pattern is detectable for fucose-labeled chains after specific adsorption to Con A columns (Fig. lc, d) . Thus (Fig. 2) , but the monolayers show only minimal cytopathic effect. From this experiment we can conclude that the marked increase in agglutinability of cells after infection is not due to an increase in the total number of available binding sites. The number of Con A molecules specifically bound per cell was calculated from the data in Fig. 3 , using the specific activity of the 'H-Con A (165 counts per min per jg), the number of cells per plate (3.5 X 106), and assuming a molecular weight of 106 for Con A (24) . Each cell, whether infected or uninfected, binds 1.5 X 107 molecules of Con A. This value agrees reasonably well with values previously obtained with other cells (4, 21) . DISCUSSION We have shown that Sindbis virus is agglutinated by several of the plant lectins, including Con A, RCA, and wheat germ agglutinin, and that this agglutination is effected through polysaccharide chains covalently linked to the surface (glyco) proteins of the virion. It was somewhat surprising to us that Con A would attach to all of the polysaccharide chains of the virion, because Con A is reported to bind specifically to a terminal mannose, glucose, or glucosamine (14, 27) . The specificity of the other lectins has not been explored in as much detail, but if RCA and wheat germ agglutinin also bind to terminal carbohydrates, the virus polysaccharides must exhibit a high degree of branching. We note that the larger virus polysaccharides also contain fucose and sialic acid which are always terminal. Thus these chains, no greater than 16 to 18 residues in length, may possess five or more termini.
After infection of cells by Sindbis virus or other group A arboviruses, the two envelope glycoproteins (25, 29) ----0
